ABSTRACT: This paper explores the difference of surface hydrophobicity between unmodified Chinese fir wood and Chinese fir wood modified by ZnO to demonstrate whether ZnO can effectively make the Chinese fir wood with hydrophobic capability. As an excellent furniture material, the specimens of Chinese fir wood was soaked using different concentrations of water acetic acid zinc (Zn (CH 3 COO) 2 -2H 2 O) and six methyl tetramine (C 6 
INTRODUCTION
Natural wood surface is hydrophilic and can easily absorb moisture. ZnO-stearate treatment imparts superhydrophobicity to wood surfaces, thereby providing triple protection to wood products, i.e., superhydrophobicity, inhibition to insects and microorganisms, and UV radiation protection (Shupe et al., 2012) . A superhydrophobic surface consisting of zinc oxide (ZnO) nanorod array was successfully attached on wood via a cosolvent hydrothermal method at low temperature. The wettability of the wood surface after treatment became superhydrophobic, with a water contact angle of 153 degrees (Fu et al., 2012) . The space between the ZnO nanorods and the microstructure of the wood surface constituted the nanoscale and microscale roughness of the ZnO nanofilm, respectively. The water contact angle of the prepared wood surfaces was up to 153.5 degrees (Wang et al., 2011) . Increased UV protection with nanometal oxides that allow wood texture to remain seen and higher resilience to scratch and abrasion with use of different nanoparticle shapes are some of the applications that are reviewed here (Nikolic et al., 2015) . The addition of nano-ZnO slightly increased the uptake and retention of the consolidant within the wooden structure and led to hydrophobic surfaces. However, the influence of nano-ZnO additives to the water absorption was not conclusive (Tuduce Traistaru et al., 2013) . The as-fabricated wood composites exhibited excellent magnetic property and the water contact angle of the OTS-modified magnetic wood surface reached as high as 150 degrees, revealed the superhydrophobic property (Gan et al., 2015) .
MATERIALS AND METHODS

wood sample preparation
The sample size of Chinese fir wood is 120 mm * 30 * mm, in order to clean up the resin impurities on the surface, samples were cleaned by ultrasonic cleaning with acetone, washing for 30 min at room temperature. Then the samples were dried and set aside.
Experimental procedure
(1) The two water zinc acetate (Zn(CH 3 COO) 2 • 2H 2 O) and hexamethylenetetramine (C6H12N4) at a molar ratio of 2: 1 dissolving in distilled water were used to prepared ZnO reaction solution of 0.3 mol/L, 0.5 mol/L and 0.7 mol/L , Fir samples were immersed in the above-described various concentrations of ZnO reaction solution, then the samples were respectively placed in electromagnetic force stirrer stirring 18 h in 92 °C.
(2) The above prepared Chinese fir samples were respectively rinsed three times with distilled water, and then they were placed into the 60 degrees thermostatic air blowing drying box drying for 20 hours.
(3) The above prepared fir samples were immersed into stearic acid ethanol solution under the condition of 60°C soaked for 6 hours. Then rinsed with anhydrous ethanol three times, they were placed into the 60 degrees thermostatic air blowing drying box drying for 20 hours.
(4) The contact angles of dried samples were measured with a contact angle measurement and plotted a graph according to the contact angle measurement data, and then analyzed the contact angle variation curve. Found the rules by comparing the differences of the change of contact angle curve between unmodified and modified samples and the influences of hydrophobic properties on the surface with different concentrations of ZnO reaction.
RESULTS AND ANALYSIS
3.1 Analyses of changes of contact angle curve of unmodified Chinese fir As can be seen from Figure 1 , the contact angle of the samples which having been contacted with distilled water continue to decrease with the increase of time, and the rapidly decline indicates that the distilled water is constantly being adsorbed by the fir wood, which reflects that the surface of Chinese fir has a strong water absorption capability. The measurement of contact angle test is for the same sample, but it can clearly see that there is a great difference of the contact angle size between the distilled water and different parts of the sample surface, the reason is that in different parts of Chinese fir wood texture differences, fiber distribution in different directions, which leads to the different parts of distilled water and Chinese fir surface contact angle size differences. From table 1 it can clearly see that contact angle mean value is 102.93° after distilled water contacted Chinese fir surface for 0.32 s, and to 1.04 s within such a short time interval, contact angle mean value decreases to 94.48° contact angle variation is 8.05 degrees, the contact angle decreases rapidly during this period of time. After contacting for 5.05 s, the average value of the contact angle is 80.52°, and contacting for 10.01 s, the average value of the contact angle reduced to 72.31°, the variation of the contact angle is 8.21°, during this period of time, the contact angle remains in a decreasing state. So in conclusion, the contact angle decreased rapidly when distilled water in contact with the surface of sample within 1.04 s, due to fir wood fibers saturated with water, the contact angle slowly decreases , but the contact angle still showing a significant decreasing trend. The results showed that the fir wood surface has a strong hydrophilicity. Because of the hydrophilicity of wood, the wood in the humid environment is easily corroded, thus, the service life of wood furniture will be reduced, and the use of wood will be increased. As can be seen from Figure 2 , the contact angle tends to decrease at the beginning after the distilled water contact with the sample modified with 0.3 mol/L ZnO, but laater only minor fluctuations in the size of the contact angle, and it can be considered constant, then the contact angle achieve a balance, which indicates that ZnO forms a ZnO film on the surface of the sample , with acid modification, the Chinese fir has a hydrophobic surface. According to table 2, we can see that the contact angle average value is 140.36° when distilled water in contact with the wood surface , after 1.04 s, the contact angle average value reduce to 136.1°, thus in this period of time, the contact angle decrease. The reason is that in the preparation of fir wood sample, the concentration of the solution being stirred with a magnetic stirrer is not uniform, which leads to unevenness of ZnO particle film attached on sample surface and incomplete ZnO thin film formation, thus affecting the modified wood surface hydrophobicity. As time goes on, the contact surface of distilled water and the wood surface increase, which makes distilled water contacting to ZnO particles increase, so the wood surface hydrophobicity manifested, when the tension of distilled water balance, The contact angle remains unchanged. So we can see, the distilled water in contact with the surface of the wood in 5.05 s, the contact angle is 136.11°, from 1.04 s to 5.05 s, the change of contact angle can be regarded as essentially the same. The table also shows that the distilled water in contact with the wood surface after 1.04 s, the average value of the contact angle is maintained at more than 136°. The result indicates that the 0.3 mol/L ZnO solution used for Chinese fir wood surface modification can produce very good hydrophobicity. Figure 3 when contact angle reaches equilibrium state, the maximum contact angle is larger than that of the largest in figure 2 , while the minimum contact angle is smaller than that of the smallest in figure 2 should be small, and the reason for this small difference may be due to sample surface texture modified with 0.5 mol/L ZnO is more complex than that with 0.3 mol/L ZnO, which affecting contact area of distilled water and surface of the sample, thus results in differences of contact angles . angle is maintained at above 138°, and especially after 5.04s, the fluctuations is less than 0.1°, the contact angle can be considered at this time to achieve a balance of state. It can be seen from the comparison of Table 2 and Table 3 table 2, table 3 and table 4 it can be seen that the sample modified with 0.7 mol/L ZnO has a better hydrophobic performance, and the average value of the contact angle is higher than that 
CONCLUSIONS
(1) From the measurements it obtains that contact angle on the unmodified sample surface is much smaller than 90°, existing a decreasing trend after contact angle decreased to 62.36°, and unmodified wood shows strong hydrophilic which makes wood furniture easily absorb water, thus the service life of the wooden furniture will be reduce for the wood furniture having the quality of corrosion, oxidation and aging.
(2) From the measurements it obtains that contact angle on the sample surface modified with ZnO reaches more than 136°, compared with contact angle of unmodified sample surface, hydrophobic properties of the modified sample has been greatly improved, and we can draw a conclusion that the method using ZnO to modify the surface of Chinese fir to obtain hydrophobic properties is feasible. ZnO nano film will be formed on the sample surface modified with ZnO, and through modification of stearic acid, it can be obtained hydrophobic properties similar to lotus-like surface.
(3) Compared to contact angle change curves of ZnO reaction solution using different concentrations of 0.3 mol/L and 0.5 and 0.7 mol/L modified on the sample surface, the contact angle equilibrium point is respectively 136°, 138° and 139°, it indicates that ZnO reaction solution concentration has certain effect on sample surface modification , but the impact is not big.
